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1. Motivation



Motivation
| mms]

e Introduce general principles that should guide your efforts when
choosing what software to employ.

e Describe tools that are useful to develop a career in applied math,
computational mechanics, computational materials science, computer
science, etc.

e Do it from the simplest (a must!) to the more advanced ones
(beware!).

e Give examples to illustrate that the effort pays off.
e Provide links for exploration (see pdf file in group web).

e Open the floor to discussion.
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Motivation
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e Everything is arguable: this is just an over-simplified presentation.

e Everything is subject to opinion.

e The goal is more important than the tool.

e | am biased in favor of free and open-source software.

e | might make use of humour and exaggeration to stress ideas.

e | do not claim to be a “black belt”. I'm on the path of the ninja ...

e You do not need these tools to be successful in research ... but might

help.
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om0

e Every day there are new, flashier, more powerful computer programs.
e Artificial intelligence is enabling incredible applications.

e User interfaces, web based, social media-based frameworks are alluring.
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Motivation
om0

e Every day there are new, flashier, more powerful computer programs.
e Artificial intelligence is enabling incredible applications.

e User interfaces, web based, social media-based frameworks are alluring.
e But every new tool demands some effort

e And you do not want to learn yet another tool that might not be
available in a couple of years

e Some general principles have been time-tested...
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Motivation The path of the ninja Ratios, 3eyond External links
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Thou should always document your work.

Thou should always use plain text documents.

Thy results should be reproducible.

Thy procedures should be reusable.

Thy code must be clean and clear.

Everything should be a script = the mouse is thy enemy.
Backup and move to the cloud.

Collaborate with colleagues and share code. Do no reinvent.
Thou shall choose open source applications (if possible).

Thy efforts of today shall make thou more productive in the long
term.
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2. The path of the ninja



Motivation The path of the ninja Ratios, ratios, ratios Beyond External links
T T T oo o [sssssns]

White belt: the start of the journey
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Motivation The path of the ninja Ratios, ratios, ratios Beyond External links
[mnus) B EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE) [mana] =] [Eamsmas]

White belt: the start of the journey

Mindset
You have your whole scientific career in front of you and wonder if
you could make decisions that would help you be more productive
and, ultimately, become a better scientist.

From novice to ninja | January 30th, 2022 . Romero 7 /51



Motivation The path of the ninja Ratios, ratios, ratios Beyond External links

o1 O oo =] [Essnnns]
.

White belt: the start of the journey

Mindset

You have your whole scientific career in front of you and wonder if
you could make decisions that would help you be more productive
and, ultimately, become a better scientist.

Tools

You love to use MS Word to create nice documents, MS Excel to
analyse data and MS Powerpoint to create nice-looking figures.

You program in Matlab.
All your data is in your computer.

You have advanced applications with lots and lots of options that
can do the most amazing tasks and you know where to find these
hidden commands within the application menus.

From novice to ninja | January 30th, 2022 |. Romero 7 /51



Motivation The path of the ninja Ratios, ratios, ratios Beyond External links
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White belt: the start of the journey

Important decision |

Do you want to use your computer as a layperson or do you want to
start the way of the ninja?
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Yellow belt: scratching the surface
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Motivation The path of the ninja Ratios, ratios, ratios Beyond External links
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Yellow belt: scratching the surface
Mindset

You are decided to walk the path of the ninja, but you do not know
where to start from.
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Motivation The path of the ninja Ratios, ratios, ratios Beyond External links
o1 OO oo o [sssssns]

Yellow belt: scratching the surface

Mindset

You are decided to walk the path of the ninja, but you do not know
where to start from.

Tools

You need an OS for scientific computing. Arguably, it is easier with
a Linux or Mac Os machine.

Learn urgently to work with the terminal, navigate the filesystem,
see files, activate permissions, create links.

You need to work remotely, either with ssh or an application. You
also need to transfer files between your computer and remote ones;
for that you need to learn sftp or an application that does it for
you.
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Motivation The path of the ninja Ratios, ratios, ratios Beyond External links
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Yellow belt: scratching the surface

Get a free account in Dropbox, iCloud, oneDrive, ownCloud,
Google drive or any other cloud server to share documents.

Google docs will allow you to work collaboratively on documents
(proposals, papers, .. .)

Learn to use a text editor (Word is not a text editor!!):
unix-type: Vi , Emacs.
mac: Sublime text, Atom, ...
that can work well for all type of text files, color syntax,
powerful add-ons.
It is a good thing if it can work both in unix and in
mac/windows, so it can be used with the same configuration all
types of machines.
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The path of the ninja
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Examples: editors

~/gPodder/Setingson- Subime Text (UNREGISTERED)

module.exports =
Class Aton extends Model
eversion: 1

ston = adeserialize(@loadState(mode)) 7 new this{mode, eversior})
3 aton.deserializeTinings.aton = Date.now() - startTine

srcfsomcotieer 31,17
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External links

Motivation The path of the ninja Ratios, ratios, ratios Beyond
=] o
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Yellow belt: scratching the surface

Important decision
Espouse an editor.

It is your most important application and the best friend of the ninja.
Spend time learning to become a power user.
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Motivation The path of the ninj Ratios, ratios, ratios Beyond External links
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Orange belt: waking up the beast
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Motivation The path of the ninja Ratios, ratios, ratios External links
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Orange belt: waking up the ninja in you

e You can now write nice documents and do some computations, but
you start to suspect that there might be better ways.

e You have seen around beautiful scientific documents.

e Up to now you had only written small code snippets, but now you
are working on a complex code, and it’s hard.

e Your advisor wants you to collaborate with her in writing a paper. )
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Motivation The path of the ninja Ratios, ratios, ratios 3eyond External links
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Orange belt: waking up the ninja in you

Tools for scientific writing
o IATEX: get a distribution (texmf in linux/mac) or use LyX.

e Overleaf helps to collaborate in article preparation.

Important decision

Select a powerful environment for writing documents in KTEX.
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The path of the ninja Ratios, ratios, ratios eyo nal links

0

IATEX environment
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Typeset ) [ LaTex Macro Etich:

1 Algoritmi basati sui confronti

= vewpage
\section{Algoritmi basatisul confronti}

psection(Selecton sort)
. egnisising)
1.1 Selection sort :] void selectonSortint v, nt )
intimi;
void selectionSort (int v, int n){ e

imj;
_ . oot
for (i =0ii <L) i
=i ;
for ( J-.u je<ngjir) ) swap(vHiv4m);
if(v[j]<v. )
m=j \end(stlisting}

swap (v, vim)

Templates

Quindi abbiamo Ia sommatoria

) begn(asplaymatn)
) (=0 ¥
endisplaymain)
11 calcolo della complessitd del Selection sort & molto semplice: detta n la
dimensione del vettore da ordinare, eseguiamo n — i — 1 confronti con 0 <
] < jontserion
i< n—2. Quindi abbiamo la sommatoria ity on et

o nserongongat v it
thi;

ot
intx=vik;
Per risolver Ia sommatoria abbiamo fatto I sostituzione k= n — i - 1. toiaion
VI
1.2 Insertion sort el
vold insertionSort(int v, int n){ ey
int k.i,j;
Vi=x;
for (k=1 i k) ’
ks endsising)
for (j=03j<k;j++) N \negm(msmamm
iE(v]i]>x) [ i e R ot @e acinei=Theta(m2)
break; niaispaymain)
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The path of the ninja

Ratios, ratios,
oI

Examples: BTEX vs. WYSIWYG

Notes on coupled stress-diffusion
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1 Introduction

We summarize the squations that sovern mass diffsion. Let x be the concentration of  slute in o
continmn, Then, Fi's L states that the mass e 5 satisfios

vy,

for some difusvity A. This i Juseifed sinco the standard Knetic relation s
J=-Byr

‘where i the chemical concentration. In cqulibrium,

Clogx and Fecs o lows.
2 Physical quantities
Then e some of the quantiiesthat appeat i th squatons:

Symbol _Dimension

ooy wo
wical potential " E/mal
a G E
D 1T
1f(mal/1)
i majeT
Mass mobilty mol?/(F L2 T)
ber of atoms/ mol 1

“Tuble 1 Sunmary of physical quantitis ivolved in the model

3 Equilibrium thermodynamics

Lt us assume that ther is a fee eneryy function ¥
transform G s the grand canonical potential defned by

(1), conves on is argument. The Logendre

Glp) = max( () = )

“The following relations hold

One example of  prsible fee energy i

PR

o
AT

i the Flory-Huggins
parameter

Notes on coupled stress-diffusion

UniversidadPotéicade Mo, ot iz Abasal, 26008 s
“IMDEA Materials Instiute, Erc Kandel 2. 28906 Getafe, Madrid

June3, 2022
1. Introduction

e summarie the cqutions ht goverm s diflsion, Let b the concnttion of o st in &
‘contimuum. Then, Fick's lw states that the mass flux j sats

ATy

i=

~B W,

where s the chemical concentration. In equilibrium i = C logy and Fick's law follows

2. Physical quantities
he quaniites that appes

Name Symbol Dimension
Concentration x molLt
Chemical potential u Emol
Grand-canonical potental 4 E
Mass difusivity u v
Mass expansion HmolL)
Mass flux i mol(L2T)
Mass mobility moP/(F L2 T)
Number of atoms/ mol 1

3. Equilibrium thermodynamics

Let us assume that there is a fiee energy function 1h()), convex on it argument. The Legendre
ransform G s the grand canonical potential defined by

600 = max(b0) 1)
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Motivation The path of the ninja Ratios, ratios, ratios External links
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Orange belt: waking up the ninja in you

Common issue
e Articles, reports, and other documents start to pile up in your
drive.

e Should I classify them by year, author, topic, ...7
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Motivation The path of the ninja Ratios, ratios, ratios External links

o [NEEEEEEEEEESEES SEEEEEEEEESEEEEEEEEE] oo . oo

Orange belt: waking up the ninja in you

Common issue
e Articles, reports, and other documents start to pile up in your

drive.

e Should I classify them by year, author, topic, ...7 )

Tools for scientific writing
You create your own bibliographic DB and start using a reference
manager (Bibdesk/Mendeley/Zotero...)
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Motiv The path of the ninja Ratios, ratios, ratios External links
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Orange belt: waking up the ninja in you

Common issue

e You have to redo the figures for a paper: you have received new
data and have to start all over.

e You want to repeat the same figures you did for your experiments
with steel, now for aluminum.
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Motivation The path of the ninja Ratios, ratios, ratios 3eyond External links
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Orange belt: waking up the ninja in you

Common issue

e You have to redo the figures for a paper: you have received new
data and have to start all over.

e You want to repeat the same figures you did for your experiments
with steel, now for aluminum.

Tools for scientific writing

Gnuplot or python for scientific plotting: plots with scripts are
re-usable and re-producible.

From novice to ninja | January 30th, 2022



lotivation The path of the nin atios, ratios, ratios
oo (NSSESSESESSSSSSSES EESSSSSSESSESEEEE] oo

Examples: gnuplot

http://gnuplot.sourceforge.net/demo/
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http://gnuplot.sourceforge.net/demo/

Motivation The path of the ninja Ratios, ratios, ratios External links
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Orange belt: waking up the ninja in you

Tools for code development

e Learn to use an IDE (Eclipse, Xcode, VisualStudio, Emacs)

e Learn to debug!!

General tools

e Backup tools (brute force at least)

e Package management: linux: apt-get, macos: darwinports or
homebrew

e Learn emacs or vi. You can go far with nano or pico, but not too
far.
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Motivation The path of the ninja atios, ratios, ratios 3eyond External links
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Orange belt: waking up the ninja in you

Tools for the big picture

e Statistical modelling: learn R
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Green belt: standing on the shoulders of giants
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Motivation The path of the ninja Ratios, ratios, ratios 3eyond External links
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Green belt: standing on the shoulders of giants

e You have started to reap some of the benefits of advanced tools and
are now decided to devote some serious time to learn not-so-simple
things.

e You are starting to develop some taste for “nice” equations, figures,
fonts.

e You wonder how is it possible that you ever used MS Word.
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Motivation The path of the ninja Ratios, ratios, ratios 3eyond External links
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Green belt: standing on the shoulders of giants

Tools for code development

e Python programming and scripting.

e Version control with Git in Github, Bitbucket, Gitlab, ...

v

e Makefiles: automating tasks.

e Shell scripting.

e cron, scheduled tasks.
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Motivation The path of the ninja Ratios, ratios, ratios 3eyond External links
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Green belt: standing on the shoulders of giants

Tools for scientific writing

e Beamer for elegant presentation with lots of math formulas.

e Emacs org-mode for planning and literate programming.

Other scientific tools

e Paraview: a general purpose postprocessor
e Gmsh: a free mesh pre/post processor.
e Numpy, a python library for scientific computing

e Research rabbit or similar tool: structured bibliographic
references.
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Green belt: standing on the shoulders of giants
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The path of the ninja
(NESESSESSSSNSSSESSESSSESS SSEESEEEE)

Blue belt: the force is in you
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Motivation The path of the ninja atios, ratios 3eyond External links
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Blue belt: the force is in you

e You are now half scientist, half hacker. You are amazed of the
powerful things you can do with a computer, things that most
mortals can’t even dream of.
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Motivation The path of the ninja Ratios, ratios, ratios 3eyond External links
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Blue belt: the force is in you

Mindset

e You are now half scientist, half hacker. You are amazed of the
powerful things you can do with a computer, things that most
mortals can’t even dream of.

e Application profiling (timing, memory leaks, ...)
e Building and running codes in a MPI cluster.

e Knowledge base: MS OneNote, Evernote, Roam, Notion, Obsidian
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Blue belt: the force is in you

Main Topical Groups:
%: game M de: W icokbp W

ser W information M long M

Most Influential Elements:

W game M mechanic M gamification M

Network Structure: | Diversified

Modularity 0.59 Influence Distribution 100
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Motivation The path of the ninja 3 atios 3eyond External links
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Blue belt: the force is in you

Important decision

Make up your mind: commit or not commit to a knowledge based
system. Another lifetime marriage.
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Motiv The path of the ninja
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Brown belt: bring it on!
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Brown belt: bring it on!

e You reached illumination: a computer is just an extension of the
brain that can grow and make you faster, better organized, capable
of storing and finding information. It helps you think better.

e You customize your Beamer package, for personalized presentations.

e Learn Metapost or Asymptote, programming languages for
producing graphics.
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Motivation The path of the ninja
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Brown belt: bring it on!
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Black belt: behold!
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The path of the ninja Ratios, ratios, ratios External links
OO O el oo [Ensnns]

Black belt: behold!

e You feel there is nothing that your computer can not help you to
do better.

e You start to design new workflows, lifting most of the burdens from
your shoulders, and delegating on your computer.

e You design your own LaTeX packages.
e You contribute to Emacs modes and packages.

e You create open-source tools for the community:.
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The path of the ninja
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Black belt: behold!

Important decision

Since you have received so much, do you want to contribute and
share?
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Ratios, ratios, ratios
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2 Quality /Effort

LaTEX
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Emacs/Vim
emm» Notepad
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asFeatures

Emacs/Vim
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2 Features/Effort

Emacs/Vim
emm» Notepad

Time
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Ratios, ratios, ratios
o

e Powerful tools always demand more effort at the beginning.

e The right question is not what is easier? but rather what option will
give me the best outcome/effort ratio in the mid- to long-term?

e There is not a single answer: it depends on the need for the
numerator, your skill in the denominator, and your time frame.



4. Beyond



The computer should be like an instrument. The more you play it, the
more beautiful things you can do with it, at a smaller cost.

The computer should not be like a huge drawer, where you can dump
and dump Gb of data and applications.

There is much more: languages, contributing to the community,
sharing code in public repositories, teaching, ...

You are never done. This is a path ...



5. External links



External links

| smmmms]

Basic Unix/Linux https://www.linux.org
Sublime text https://www.sublimetext.com
Atom https://atom.io

Advanced Emacs https://www.gnu.org/software/emacs/



https://www.linux.org
https://www.sublimetext.com
https://atom.io
https://ubuntu.com
https://brew.sh
https://www.vim.org
https://www.gnu.org/software/emacs
https://git-scm.com
https://www.gnu.org/software/emacs/

External links
s ssmms]



https://www.vim.org
https://www.lyx.org
http://www.gnuplot.info
http://tug.ctan.org/macros/latex/contrib/beamer
https://tug.org/metapost.html
https://asymptote.sourceforge.io

External links

un mmms]

Dropbox | https://www.dropbox.com/
Google docs | https://docs.google.com/



https://www.dropbox.com/
https://docs.google.com/
http://overleaf.com
https://github.com
https://bitbucket.com

External links

ormTn

Matlab https://www.mathworks.com/products/matlab.html
Python https://www.python.org

|
MPI ‘ https://www.open-mpi.org
 Emacs-lisp |


https://www.mathworks.com/products/matlab.html
https://www.python.org
https://www.eclipse.org/ide/
https://developer.apple.com/xcode/
https://www.gnu.org/software/make/manual/make.html
https://www.open-mpi.org
https://www.gnu.org/software/emacs/

External links
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Notion

ttps://notion.so

|
|
Roam  https://roamresearch.com
" h
|


https://bibdesk.sourceforge.io
https://www.zotero.org
https://www.mendeley.com
https://orgmode.org
https://roamresearch.com
https://notion.so
https://www.researchrabbit.ai

External links
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https://www.paraview.org
https://gmsh.info
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